The detection of mutations is important, particularly in the diagnosis of inherited diseases. Changes in the DNA sequences of a gene can be harmful and it is important in our understanding of human genetics that we are able to identify and classify these alterations and the phenotypic changes that they induce. Consequently, the need for a reliable method for the detection of mutations in DNA to avoid repetitive sequencing of kilobase lengths of DNA has led to the development of a number of different screening methods that have both positive and negative attributes (see ref. 1 for a review of current mutation detection methods). Thus, the search for a reliable and efficient approach to the detection of known and unknown mutations continues.
The resolvases are an important group of enzymes that are responsible for catalyzing the resolution of branched DNA intermediates that form during genetic recombination. Their mode of action is directed by bends, kinks, or DNA deviations. These enzymes have their effect close to the actual site of DNA distortion (2) . T4 endonuclease VII, the product of gene 49 of the bacteriophage T4 (2) , is a resolvase that has been well characterized (3) (4) (5) . It was the first enzyme shown to resolve Holliday structures (2) . It has also been shown to recognize cruciforms (2, 3) and loops (6) . It may also be involved in very short patch repair (5) . Its cleavage characteristics involve it cleaving 3' and within 6 nt from the point of DNA perturbation-causing double-stranded breakage (2, 5) . T4 endonuclease VII has been shown to cleave single-base-pair mismatches in model experiments with synthetic oligonucleotides up to -43 bp (7) . This work examines the ability of the enzyme to detect mutations rather than its ability to cleave specific mismatches. Thus, when mutant and wild-type homoduplexes that differ by a single base pair are melted and hybridized, two
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
heteroduplex species are formed containing two pairs of mismatched bases. The mutation would be detected if any one strand containing one of the four mismatched bases were cleaved. There are four classes of pairs of mismatched bases (type 1, G.A/T-C; type 2, G.T/A-C; type 3, C-C/G-G; type 4, T-T/A.A) and at least two members of each were tested. Only one example showed no cleavage in any of the strands.
MATERIALS AND METHODS
Enzyme and Buffers. T4 endonuclease VII was prepared from an overexpressing Escherichia coli K38 transformant containing gene 49 of T4 phage as described by Kosak and Kemper (7) . Stock solutions were at 3700 units/,ul as determined by Kosak and Kemper (7) , where 1 unit is defined as that amount of enzyme that catalyzes degradation of 50% of very fast sedimenting DNA. The reaction buffer used in the assay was prepared as a 1Ox concentrate (7) . The enzyme dilution buffer was prepared as described (7) . Assay conditions required between 250 and 3000 units of T4 endonuclease VII depending on the specific DNA being tested. The annealing buffer was prepared as a 2x concentrate (1.2 M NaCl/12 mM Tris HCl, pH 7.5/14 mM MgCl2) as described (8) . The kinase buffer, 1 x TE (pH 8.0), and the formamide/urea loading dye were prepared as described (9) .
DNA Preparation. The DNA used in these experiments was amplified by PCR from genomic DNA [3- (10) . The a1-antitrypsin gene (M4, mutation at nt 9989) was amplified as described (11) . The PDH Ela gene (Ml, F205L; M19, K387fs; M20, S312fs) was amplified by using primers PDH-P and PDH-E as described (12) . The PAH gene M5 (homozygous mutation at IVS12 nt 1), M6 (heterozygous mutation at IVS12 nt 1), and M7 (R408W) was PCR amplified by using primers A and B as described (13 (14) . The rhodopsin gene (M9, mutation at codon 15, nt 44) was amplified as described (15) . The mouse mottled Menkes gene (Mll, mutation at nt 3662; M12, mutation at nt 3367; M18, mutation at nt 4516) was amplified as described (16) . The PCR products were electroeluted onto Whatman I paper in a 1.5% agarose gel and then eluted with 1 x TE (pH 8.0). In all cases, the corresponding normal DNA was endlabeled with [y-32P]ATP using 5' T4 polynucleotide kinase (Boehringer Mannheim). After the kinase treatment, the DNA was ethanol precipitated and the pellet was washed three times with 70% ethanol to wash away the major portion of unincorporated label. The pellet was resuspended in distilled water to give -5 ng of end-labeled DNA per ,ul.
Heteroduplex formation was performed in 50 ,ul (total volume) containing lx annealing buffer as described (8) except that the annealing temperature was at 65°C for 1 hr followed by 20 min at room temperature. Calculations of DNA concentration were based on 50-60 ng of unlabeled DNA (lOx excess) and 5 ng of end-labeled DNA per single reaction.
Heteroduplexes were prepared in bulk in a 50-,ul volume and the pellet was resuspended in the appropriate volume of distilled water. For example, if six reactions were required then 300 ng of mutant DNA and 30 ng of labeled wild-type DNA was used. After the heteroduplex reaction, the pellet was resuspended in 30 ,lI of distilled water (i.e., 5 ,lI of distilled water is taken per single reaction). An identical procedure was performed in order to prepare labeled homoduplex DNA for the control studies except that an excess amount of unlabeled wild-type DNA was hybridized with the labeled wild-type DNA. This strategy allows two of the four mismatched bases (those present in the labeled strand) to be tested for cleavage by the enzyme.
Enzyme Mismatch Cleavage (EMC). Five microliters of the labeled homoduplex or heteroduplex DNA (50-60 ng) was added to 39 ,lI of distilled water and 5 pAl of lOx reaction buffer, all kept on ice. The reaction was initiated by the addition of 1 ,lI of the enzyme (100-3000 units/pl as specified). The stock solution of enzyme was diluted to the required activity in the enzyme dilution buffer. After addition of the enzyme, the tubes were spun briefly and incubated at 37°C for 1 hr unless otherwise specified. In the case of controls, the enzyme was replaced with 1 plA of the enzyme dilution buffer and these were incubated. After incubation, the samples were ethanol precipitated, washed in 70% ethanol, dried briefly, and Proc. Nati Acad Sci USA 92 (1995) thoroughly resuspended by vortex mixing in 5 ulI of formamide/urea loading dye. Type 1 (Mismatch Set G-A/T-C). Ml contains a homozygous C -> A mutation 87 bp away from the 5' end of the section of the gene studied (F205L). Using end-labeled wild-type probe, the resulting heteroduplexes contain C*.T and A-G* mismatches. The asterisk designates that the base is present in the labeled strand. After CCM, only the 87-bp fragment was observed on denaturing acrylamide gel since hydroxylamine modifies only the mismatched C. With the EMC, only a single band slightly larger than the 87-bp fragment was observed, suggesting cleavage near the C* in the C*.T mismatch (Fig. 1) .
Type 2 (Mismatch Set G.T/A-C). A 245-bp section of the PAH gene (M5) was amplified from genomic DNA of a patient homozygous for a G -> A mutation (IVS12 nt 1). This mutation occurred 191 bp from the 5' end of the PCR product. End-labeled normal DNA was hybridized with unlabeled mutant DNA. After enzyme cleavage, two bands, one slightly larger than the 191-bp band and another slightly larger than the 54-bp band, were observed resulting from cleavage near the G* in the G*-T mismatch and near the C* in the A-C* mismatch, respectively (Fig. 2) .
Type 3 (Mismatch Set C-C/G-G (Fig. 3A) . This band results from cleavage near the C*-C heteroduplex. (Fig. 3B) (Fig. 4) . This confirms that the enzyme recognized both strands of the probe. The intensity of the products on autoradiography shows that the enzyme recognizes the A.A* mismatch with greater efficiency than the T*.T mismatch. CCM on this sample showed only the 110-bp fragment obtained after modification and cleavage of the mismatched T base in the sense strand of the probe (Fig. 4) . Fig. 1. of any mutations and attempt to change conditions appropriately to allow detection. Similarly, we would like to investigate the reasons for nonspecific cleavage present in some cases (see Table 1 and Fig. 3 ).
Our results show that in about half the cases studied, detection was observed by the cleavage of one of the heteroduplexes in the set. For example, the heteroduplex containing the A-G mismatch was cleaved in M2, but we relied on cleavage of the heteroduplex containing the reciprocal T.C mismatch for detection in Ml (Table 1 ). This gives further support to the view that T4 endonuclease VII is dependent on sequence context as well as DNA structure (5, 17) . It is also clear from 
